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This article stonmarizes the maintenance data base collecred for 13 weeks of recent
unattended and awromared operation of DSS 15, During this period, DSS 1.3 Ias been
receiving spacecraft telemetey while being controlled remaotely from JPL in Pasadena.,
Corrective and preventive maintenance manhours are reported by subsystem for DSS 13
including the equipment added for the automation demonstration, e corrective and

h]

preventive maintenance weekly manhours at DSS 13 averaged 22 and 40, respectively,
The antenna hydraulic and electronic systems accounted for about half of the preventive
and corrective maintenance manhours, A comparison is presented for overall preventive
and corrective maintenance manhours for a comparable attended DSN station, DSS 11,

I. Introduction

The tracking time now available to the end user at a Deep
Space Station is reduced by time spent for maintenance,
op2rator training, checkout and calibration, The efticiency of
the DSN would be greatly increased ift the time for these
other functions were decreased. Also, the reliability of the
DSN may be increased by reducing the load on operations
personnel.

As a result of these potential improvements in DSN
clficiency and  reliability, a rescarch program was started
several years ago at DSS 13, The station has now been
automated and s being operated in an unattended mode for
spacecralt telemetry reception, Data are now being collected
to evitluate this operation,
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This article will present  the preliminary maintenance
experience at DSS 13 for unattended, automated operation,
Both corrective and preventive maintenance are considered,
and where possible, comparisons are made to a manned
operation at DSS 11, Before this maintenanee data is pre-
sented, the automated svstem and s capability will be
described,

Il. DSS 13 Description — Automated Station

DSS 13 is a 2e-meter station at Goldstone, California,
Central cantrol and monitor for this station are done from JPL
in Pasadena by an operator at NOCC. This automated and
remote operation only for spacecratt telemetry reception was
implemented in 1978, The operator enters configurational



control and predicts. Monitor data are also available to him,
The station is (1) powered up, (2) cheeked out, (3) spaceeratl
telemetry is acquired and tracked, and, (4) the station is
shutdown, wll remotely from Pasadena without an operator at
the station, There is automatic antenna shutdown capability in
case of high winds or certain servo drive failures.

The telemetry stream from DSS 13 is sent to DSS 11 for bit
detection and then via high speed data lines to the flight
project at JPL. Work is underway so bit detection can be done
at PSS 13,

The DSS 13 unattended operations design uses micropro-
cessors or minicomputers on cach controlled subsystem for (1)
contigurational control, (2) monitoring, (3) operation, and (4)
checkout,

A central station microprocessor is used for supervision of
subsystem  monitor and control processors. The  antenna,
microwave, and receiver subsystems are now under centralized
control, Only downlink capability is now available: however.
uplink capabitity will be implemented in 1979, The 100-
kilowatt S-band transmitter and exciter subsystem will be
added during 1979, While DSS 13 has been in the unattended
mode, telemetry data has been provided to the Voyager,
Pioneers 10 and 11, and UHelios projects.

The following section will deseribe the maintenance experi-
cnce during this initial remote unattended  operation of
DSS 13,

1. DSS 13 Maintenance Data Base

The maintenance data base for DSS 13 operation under
remote, automated operation from NOCC in Pasadena is
shown in Tables 1 and 2, These data are for the 13-wveek period
of June 18, 1978 through September 24, 1978, The data are
summarized in weekly increments. Corrective maintenance is
shown in Table 1 and preventive maintenance in Table 2. The
maintenance data are broken down by subsystem. An asterisk
next to the DSS 13 subsystem means that this cquipment has
been added for this demonstration,

IV. Discussion of Results
A. DSS 13 Corrective Malntenance

The corrective maintenance at DSS 13 averaged 22,2 man.
hours per week with a standard deviation of 12,8 during this
period, Shown below is the pereent of corrective maintenanee
wanhours for each subsystem,

Corrective
nainteninee
Subsystem manhotrs
Antenny electronic systems RN
Block HISDA 17.1
Antenma hydraulic systenns 10.0
108 k112 subcarrier oscillator microwive
link transmission u.s
Antenna terminet 7.7
Antenna clock 0.1
Block 11 receiver 4.7
High-speed data line microwave link
channel 20
Antenna control computer (MOD COMP /28y o
Maser compressor 0.0

100.0

The antenna electronic and hydraulic systems uand the
Block 1T SDA account for over hall of the corrective
maintenance nanhours, Note that in Table 1 about halt’ of the
subsystems, such as  the maser refrigeritor, required  no
corrective maintenance.

B. DSS 13 Preventive Maintenance

The preventive maintenance at DSS 13 averaged 0.8
manhours per week with a standard deviation of 148, Shown
below is the pereent of preventive maintenanee manhours g
cach subsystem,

Preventive
naintenange
Subsystem manhours
o

Antenna hvdraulic systems 139
Antenna electronic system 133
Maser compressor 1.1
Block HI recciver XN
Bloek 11 SDA 0.3
108 KUz subcarrier oscillator s

Antenna control computer

(MOD COMP 11/25) 4.3
Maser refrigerator 3N
Station controller (K080 basedd

microcomputer) o7
High speed data line microwave link

channel 0.3

100.0
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The antenna hydraulic and electronic systems account for
over hall of the preventive maintenance nianhours. About half
of the subsystems received no preventive maintenance during
this period, as shown in Table 2,

C. Comparison of DSS 13 Corrective and
Preventive Maintenance

Sceveral Key subsystems had vastly different pereentages of
carrective and preventive maintenance as shown below.

“traditional™ subsystems were autonnted for this demonstr.
tion, such as the antenna electronic and hydraulic systems.

E. Comparison of Maintenance at DSS 11
with DSS 13

The average weekly maintenance manhours for DSS 11 and
DSS 13 are shown below.

Average weekly nunthours

Percent of Percent of Maintenance DSS 11 DSS 13
total total o . .. R,
corrective preventive Corrective maintenanee 153.5 0
Subsystem naintenance maintenangce Preventive maintenanee $0.4 ROR
N p A o
7 % 2000 0l.7
Antenna clectronic system REN| 15.3

Block 11 SDA 17.1 6.5
Antenna hydraulic system 10.6 439

For example, while the antenna electronic system accounted
for 38.17% of the total corrective maintenance manhours, this
system only received 15.3% of the total preventive mainte-
nance manhours, The same  relationship was true for the
Block 11l SDA. On the other hund, the antenna hydraulic
system reccived 43.9% of the total preventive maintenance
nnhours and only 10.6% of the corrective maintenance
manhours, These results indicate that perhaps there could be
shift in preventive maintenance to reflect corrective mainte-
manee experienee in order to optimize the overall maintenance
effort,

D. Maintenance for the Traditional Subsystems
Versus the Subsystems Added for This
Demonstration

- The subsystems added for this demonstration are shown by
asteriske in Tables 1 and 2. The percent of preventive and
corrective maintemance for these subsystems is shown below,

Preventive Corrective
Subsystem mrintenance nintenance
% %
Subsystems added for this
demonstration 10.0 28.9
Traditional subsystems 89.4 711
100.0 100.0

The subsystems added for this demonstration required
about 29% of the corrective maintenance and received only
16 of the preventive maintenance, Note that some of the
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The DSS 11 data is from Refl | for the period May 14
through July 9. 1978, Both the corrective and  preventive
maintenatee manhours at DSS 11 are more than at DSS 13,
However, DSS 11 has more equipment than DSS 13, For
example, DSS 1T has two receivers, two SDAs, two muasers,
cte., whereas DSS 13 has only one of cach. Shown below is the
average  weekly  maintenance  manhours for “comparable™
systems at DSS 11 and DSS 13,

Average weekly manhows
For “comparable™ systems

Maintenance PSS 1t DSS 13
Corrective maintenance 1833 7.2
Preventive naintenanee Sod St

2090 N

9(37.5% of 200.9)

In this comparison, we made the conservative asstmption that
it DSS 13 had had two SDA’. tor example, then the
preventive and corrective maintenance for SDA's would have
been doubled at DSS 13, In actual practice, this factor should
be somewhere between one and two, However, even with this
conservative  assumption,  the  corrective  maintenanee at
DSS 13 only increased by 22.4% and the preventive nuinte-
nance by 30.2% in order to correct for the redundant systems
at’'DSS 11, For comparable systems, we see in the above table
that the preventive maintenance manhours are about the same
at both stations but the corrective maintenance manhoues are
much higher at DSS 11,

Another interesting result is that at DSS 1 about three-
fourths of the actual paintenance manhours are tor conrective
maintenance., whereas at DSS 13, about three-fourths of the



actual maintenance manhours are for preventive maintenance,
as shown below.

The data suggests that unattended operation may reduce
maintenance manhours. There are other factors, however, that
may be responsible for the differences between the two
stations in total maintenance manhours and the breakdown
between preventive and corrective maintenance. For example,
DSS 13 hus substantially different equipment, schedule of
operations, performance verification requirements, and type of
personnel than DSS (1,

Maintenance

DSS 11

]
o

Corrective maintenancee
manhours

Preventive maintenance

manhours

Total maintenance
manhours
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. Table 1. DSS 13 corrective maintenance actlvities in manhours, 1978

I |
6/28 [ 7721 19§ 116 /231 1/30 | 8fo [ R/ [R20] R/2T] 93 [ 910 (9717} 0124 Total

6/18 2

Corrective Maintenance

26-m antenna
Hydraulic systems t.ojos 6.0 ] 40 13S0
Flectronic sy stems 13,0 o 4.0(195 ] 7.0 |42.0 1170

*Control computee
(MOD COMP 11/2%) 1.0 12 8.8 2
*Cloek 12,0 8.3 NUR] 6.1
*Terminet 16.3 11.0 2.0 6.8 25N 7.7
*Microprocessor '
Waveguide contiguration i
assembly .

Low noise ampliticr (maser)
maser compressor
refrigerator !

Block 11 recciver i

Block 113 SDA L0

* 108 kllz subgarricr oscillator
(microwave link
transmission)

*Station controller (8080
based microcomputer) !
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*SDA controller :
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*Equipment added for automation demonstration



Table 2, DSS 13 preventive maintenance sctivities in manhours, 1878

6/18

6/28

12

19

1716

/23

1/30

8/6 [8/13

8/20

8/27

9/3

910 19/17

94} Total

~ Preventive Maintenance

26-m antenna
Hydraulic systems
Electronic systoms
*Control computer
(MOD COMP 11/28)
*Clock
*Terminet
*Microplocessor
Waveguide configuration
assembly
Low noise amplifier (maser)
nIsCr COMPLEssor
] refrigerator
Block 1Y receiver
Block 111 SDA
108 KHz subcarricr oscillator
(microwave link
transmission)
*Station controller (8080
based microcomputer)
*Star switch controller
*SDA controlier
*Block HIL receiver controtler
*Waveguide conliguration
assembly controller
High speed data line
*Data Set
*Microwave Link Channel

1.0
8.5

3.8
2.5

6.0
14.0

8.5

120
9.5

5.8

1.5

0.5

TOTAL

50.5

51.0

340

8.5

10.0
9.0
6.0

5.8

2.5
30

Jo.0

24.0
0.5

0.8

*Lquipment Added for Automation Demonstration
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